HIV-infected women with sexually transmitted infections (STIs) or bacterial vaginosis (BV) during pregnancy are at increased risk for poor obstetric outcomes. In resource-limited settings, diagnostic testing for STIs and BV is often not available and most pregnant women are managed using syndromic algorithms. As part of a Nairobi perinatal cohort, HIV-1-infected pregnant women were interviewed and samples were collected for STIs and BV testing. Diagnostic accuracy of STIs and BV by syndromic algorithms was evaluated with comparison to the reference standard. Among 441 women, prevalence of BV was 37%, trichomoniasis 16%, chlamydia 4%, syphilis 3% and gonorrhoea 2%. Significantly more women with STIs were aged 21-years-old, had not attended secondary school and had a history of STIs. Syndromic diagnosis of STIs and BV demonstrated a sensitivity of 45% and 57%, and positive predictive value of 30% and 42%, respectively. Among these HIV-infected, pregnant women, STIs and vaginal infections were common and syndromic diagnosis was insensitive, resulting in missed opportunities to intervene and improve infant and maternal health.
INTRODUCTION
Sexually transmitted infections (STIs) and bacterial vaginosis (BV) cause high rates of morbidity in the developing world, with women and their offspring bearing the majority of the disease burden. 1 STIs have been strongly associated with infertility, septic abortion, ectopic pregnancy and congenital infection 2 and a small to moderate association has been found between BV and adverse pregnancy outcomes such as low birthweight infants and preterm delivery. 2 In human immunodeficiency virus (HIV)-infected women, STIs may also increase the risk of mother-to-child transmission (MTCT) of HIV. 3 Women in Tanzania who were co-infected with HIV and gonorrhoea were found to have a 5.5 times increased risk of intrauterine HIV transmission compared with women with HIV who did not have gonorrhoea. 4 Furthermore, women with HIV and either herpes simplex virus (HSV) or syphilis have also been found to be two to five times more likely to pass HIV to their infants during pregnancy or delivery, compared with HIV-infected women without HSV or syphilis. 5, 6 The Centers for Disease Control and Prevention recommends that pregnant women be screened at their first antenatal visit for STIs, including chlamydia, gonorrhoea, HIV and syphilis, and that women at high risk undergo rescreening during the third trimester. 7 Screening for BV is not currently recommended for asymptomatic women of either high-or low-risk for preterm labour; 8 however, symptomatic women at high-risk should have access to BV diagnosis, as treatment may be indicated. In many resource-poor areas, limited access to laboratory facilities and lack of accurate, cheap diagnostic testing is a significant obstacle to the prompt recognition and treatment of STIs and most pregnant women never receive screening. Presently, when STI laboratory testing is not available, syndromic diagnostic algorithms advocated by the World Health Organization (WHO) are used, which assign diagnoses to women with symptoms and clinical signs consistent with STIs. 1 A major challenge to syndromic diagnosis of STIs in women is that many women with STIs are asymptomatic or do not seek treatment, rendering a clinical approach for STI detection exceptionally difficult.
In this study, we evaluated the prevalence and presentation of STIs and BV in a cohort of pregnant women infected with HIV-1 in Nairobi, Kenya. We also compare sociodemographic characteristics, symptoms and clinical signs in women with one or more STIs to women without STIs and BV. After identifying significant risk factors for STIs and BV, we developed syndromic diagnosis algorithms in this population. Our research aim was to determine the diagnostic validity of these algorithms in our study population of pregnant women infected with HIV-1.
METHODS

Study population and follow-up
The study was nested in a prospective cohort study of pregnant HIV-1-infected women who were recruited from antenatal clinics in Nairobi, Kenya from 1999 to 2002. To be eligible for enrolment, women had to be at least 18 years of age, have enzyme-linked immunosorbent assay (ELISA)-confirmed HIV-1 infection and present at less than 32 weeks gestation. Eligible women were enrolled into the cohort after provision of informed consent. The study was approved by the University of Washington Institutional Review Board and the University of Nairobi Ethics Review Committee.
At enrolment, medical history and sociodemographic information were obtained by interview and questionnaire and at 32 weeks gestation, a complete physical exam was performed with collection of blood and cervicovaginal swabs for laboratory STI and BV diagnosis. Women were treated syndromically according to published World Health Organization STI treatment guidelines and any definitive diagnosis of STIs not covered by syndromic treatment was treated at their 34-week gestation study visit. Women were subsequently seen at 36 weeks, then weekly until delivery and monthly for 12 months postpartum with their infants.
Laboratory assays
Reference standards for the diagnosis of syphilis, trichomoniasis, gonorrhoea, chlamydia and BV were standardized and validated laboratory tests. Diagnosis for syphilis was by rapid plasma reagin test (Becton and Dickinson, Franklin Lakes, NJ, USA) with confirmation by Treponema pallidum haemagglutination assay (Randox Laboratories Ltd, Crumlin, UK). Trichomonas vaginalis (TV) in-pouch culture testing was performed on vaginal swabs using TV analyte-specific reagents with APTIMA General Purpose Reagents (Gen-Probe, San Diego, CA, USA). Testing of cervical swabs for Neisseria gonorrhoeae (NG) and Chlamydia trachomatis (CT) was performed using polymerase chain reaction nucleic acid amplification and hybridization assay for detection of NG/CT primers (Amplicor w CT/NG test, Roche Molecular Systems Inc, Branchburg, NJ, USA). BV was diagnosed using Nugent criteria, which relies on the identification of categories of vaginal micro-flora based on quantitative assessment of a Gram-stained vaginal smear. A score of 7-10 on Gram stain smear was considered positive for BV.
Statistical analyses
Data analysis was conducted using the Statistical Package for Social Sciences for Windows (version 10.0; SPSS Inc, Chicago, IL, USA). For this study, STI was defined as one or more of chlamydia, gonorrhoea, syphilis and trichomoniasis. Univariate analysis was conducted using two-tailed t-tests, chi-squared tests and Mann-Whitney U tests to identify sociodemographic factors, symptoms and clinical signs significantly associated with the presence of one or more STIs. Crude odds ratios (OR) were determined with corresponding 95% confidence intervals (CI). Variables that were significant at P , 0.10 in univariate analyses were selected for multivariate analysis. Based on these significant factors, algorithms for syndromic diagnosis of STIs and BV were developed. The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of these algorithms were then determined by comparison to the reference standard outcomes and 95% CI were calculated. For all statistical analysis, a P value of ,0.05 was considered significant.
RESULTS
Cohort description
Of the 463 women enrolled in the parent cohort, 441 (95%) completed microbial exam with either a positive or negative result and were included in the present analysis. Median age was 25 years (interquartile range [IQR] 22-28), with 60 (13%) under 21 years of age. Single relationship status was reported by only 22 (5%) women and 344 (80%) stated they had been in the current relationship for more than one year. Current relationship duration was four years (IQR 2-7) on average and 262 (60%) women had only a primary school education. Median CD4 count was 433 (IQR 306-614) cells/mL and CD4 less than 250 cells/mL were found in 76 (17%) women.
Sexual history
The median age at sexual debut was 17 (IQR [16] [17] [18] [19] and the number of lifetime sexual partners was 3 (IQR 2 -4). Of the 398 women who responded, only two (,1%) reported more than one sexual partner during their current pregnancy. Just over half (55%) recounted prior use of contraception, with only 20 (4%) women reporting prior use of condoms. A history of exchanging sex for material goods was reported by seven (2%) women and a prior STI was reported by 64 (14%).
Clinical signs, symptoms and diagnostic testing results
Of the 441 who underwent the reference standard diagnostic tests, 121 (27%) elected to not answer questions on the health questionnaire regarding symptoms of vaginal discharge. Of the 320 women who responded, 20 (6%) complained of abnormal vaginal discharge. Abnormal vaginal discharge was found on exam in 223 (51%) women. Genital ulcers were detected in 21 (5%) women and BV was identified in 156 (37%). Of the STIs, trichomoniasis was detected in 73 (16%) women, chlamydia in 19 (4%), syphilis in 11 (3%) and gonorrhoea in seven (2%). One or more of these four STIs was diagnosed in 98 (22%) of the 450 women.
Risk assessment
Women with STIs were younger (24 versus 25 years, P ¼ 0.02), had higher CD4 counts (521 versus 460 cells/mL, P ¼ 0.03) and tended to have more lifetime sexual partners (3.7 versus 3.3, P ¼ 0.08) compared with women without any STIs. Compared with women without STIs, more women with STIs were younger than 21 (21% versus 11%, P ¼ 0.01), had only a primary school education (70% versus 57%, P ¼ 0.03) and had a history of a previous STI (20% versus 13%, P ¼ 0.05) (see Table 1 ). No significant difference between the two groups was detected by the symptom frequency of vaginal discharge. On physical exam, no significant difference was found between the two groups in the prevalence of abnormal vaginal discharge, genital warts or genital ulcers.
When compared with women without BV, women with BV had higher CD4 counts (493 versus 454 cells/mL, P , 0.01) and had more abnormal vaginal discharge on exam (57% versus 47%, P ¼ 0.05) but did not differ significantly by symptoms of vaginal discharge or vulvitis.
For women with one or more STIs, self-reported symptoms of vaginal discharge and vulvitis had PPVs of less than 50% (25% and 40%, respectively) while the specificities of both were greater than 90% (94% and 98%, respectively) (see Table 2 ). Abnormal vaginal discharge on exam had a PPV of 25% and a specificity of 51%. The sociodemographic factors that were significantly associated with the presence of STIs were age ,21, a history of STI and lack of advanced education.
Each of these risk factors had a PPV of less than 40%. The presence of all three sociodemographic factors showed a PPV of 78% with a specificity of 99% and a sensitivity of 7%. The presence of abnormal vaginal discharge on exam and one or more of the risk factors had a PPV of 29% and a specificity of 70%.
Vaginal discharge on exam demonstrated a PPV of 42% for a diagnosis of BV with a sensitivity and specificity of just over 50% (57% and 53%, respectively). Symptomatic vaginal discharge had a PPV of 26%, sensitivity of 4% and specificity of 92% for diagnosis of BV.
DISCUSSION
Among this cohort of 'low-risk' pregnant, HIV-infected women in Nairobi, Kenya, one or more STIs was found in more than one in five women. STIs and BV prevalence rates found in this study were consistent with other published data from sub-Saharan Africa. 9 -12 As in other studies of this region, the presence of STIs was found to be significantly associated with young age and lack of secondary education. 13, 14 Women in our cohort were also more likely to have an STI if they had a history of an STI and a higher CD4 count. Abnormal vaginal discharge on exam was significantly associated with the presence of BV but not STIs.
The use of syndromic diagnostic algorithms using these risk factors performed poorly at detection and prediction of STIs and BV. The syndromic diagnosis algorithms advocated by the WHO for vaginal infections including BV and STIs often begin with a patient's complaint of vaginal discharge. Such algorithms were demonstrated to be of limited value among our study cohort, as very few women complained of vaginal discharge when asked (6.3%), despite high prevalence rates of BV (37%) and trichomoniasis (16%). Syndromic algorithms may have higher validity in other populations such as family planning and women clinics where patients present specifically due to reproductive health symptoms such as vaginal discharge. Given that most STIs, including syphilis, chlamydia and gonorrhoea, do not typically present with abnormal vaginal discharge, syndromic algorithms based on this presenting symptom are more likely to miss these more consequential STIs than BV and trichomoniasis. Our study demonstrated the inadequacy of risk assessment for STIs; even with algorithms based on significant risk factors of STIs among our study cohort, we would at best have missed 25% of all cases of STIs.
A potential limitation of this study is that STI histories and self-reported risk behaviours may have been under-reported due to social acceptability bias in interviews with health-care workers. Sociodemographic and behavioural characteristics of the cohort may differ from the wider population, thus reducing the generalizability of the study. In sub-Saharan Africa, it has been frequently found that it is the behaviour of the male partner which places a woman at risk for STI acquisition. 15 Risk assessment based on male characteristics would have been interesting; however, we were unable to do so based on high rates of missing partner data.
In HIV-infected individuals, untreated STIs have been shown to increase risk for MTCT of HIV and also to increase horizontal HIV transmission by augmenting HIV-1 viral shedding in the genital tract. 16, 17 Treatment of STIs has been demonstrated to reduce HIV shedding by at least two-fold, 18 suggesting that effective treatment of STIs may reduce HIV transmission risk; however, treatment of HSV-2 with acyclovir surprisingly does not appear to reduce HIV transmission despite a reduction in ulceration and HIV viral load. 19 However, it seems logical that targeting HIV-infected, pregnant women with current STIs, who are at high risk for both vertical and horizontal HIV transmission, may represent an opportunity for an efficient public health intervention.
To reduce maternal and child morbidity and mortality, a consistent and effective approach is needed to diagnose and treat STI and BV in the developing world during the vulnerable antenatal period. This study demonstrated the limited usefulness of syndromic diagnosis in a population of HIV-infected pregnant women in Nairobi. More accessible, simple and costeffective STI diagnostic tests must be developed and utilized in resource-poor settings. This study supports that pregnant HIV-infected women, a population with high rates of STI and high risk of HIV transmission, represent a key group that should be prioritized for diagnostic STI testing.
